Materials were purchased from Tokyo Kasei (TCI) Co., Sigma-Aldrich Inc., and other commercial suppliers and used after appropriate purification. Anhydrous solvents (stabilizer-free) were purchased from Sigma-Aldrich Chemical and J&K Chemical. Compound 3 and 4 were synthesized as according to previous literature. 1-2 Compounds Br-DPP, Br-Se-DPP were prepared according to previous papers. 2-3 Compounds DPP-Th, Se-DPP-Th, Br-DPP-Th, Br-Se-DPP-Th were synthesized according to previously reported procedures. 4 All reactions dealing with air-or moisture-sensitive compounds were carried out in a dry reaction vessel under nitrogen or argon. All reactions were monitored by thin layer chromatography (TLC, eluent, ethyl acetate/CH2Cl2/ Petroleum ether). The NMR spectra were measured on a Bruker US400 for 1 H NMR and 13 C NMR, respectively, reported in parts per million from tetramethylsilane. High-resolution mass spectra were acquired by MALDI using a time-of-flight mass analyzer on Bruker Ultra exTOF/TOF spectrometer. UV-vis absorption was recorded on Shimadzu UV-3600PLUS. Cyclic voltammetry (CV) and differential pulse voltammetry (DPV) were performed using a HOKUTO DENKO HZ-5000 voltammetric analyzer. All CV measurements were carried out in a one-compartment cell under argon gas, equipped with a glassy-carbon working electrode, a platinum wire counter electrode, and an Ag/Ag + reference electrode. The solvent with supporting electrolyte was a 0.1 mol L -1 acetonitrile solution of tetrabutylammonium hexafluorophosphate (TBAPF6). Current-voltage (J-V) characteristics were measured using a source meter (Keithley 2400) under sun AM 1.5G simulated sunlight irradiation (100 mW/cm 2 ) from a solar simulator (EMS-35AAA, Ushio Spax Inc.), which was calibrated using a silicon diode (BS-520BK, Bunkoukeiki).
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Synthesis of the Starting Materials
Scheme S1. Synthetic routes of the starting materials. (1.16g, 3 .60 mmol), Br-DPP (0.72g, 1.20 mmol) were dissolved in to toluene (40 mL), 2 M K2CO3 aqueous solution (15 mL), ethanol (5 mL) were added. The mixture was purged with argon for 30 min, then Pd(PPh3)4 (0.14g, 0.12 mmol) were added. The mixture was stirred at 100 °C for 12h under argon. The mixture was extracted with chloroform (30 mL × 3), washed with water (50 mL × 3) and brine (50 mL × 3), the combined organic layers were dried with anhydrous MgSO4 and concentrated. Finally, the residue was purified with silica gel column by using ethyl acetate/petroleum ether (1/50) to afford compound DPP-Th as a purple solid (673 mg, 78% yield). 1 
Synthetic procedures 2,5-bis(2-ethylhexyl)-3-(5'-(2-ethylhexyl)-[2,2'-bithiophen]-5-yl)-6-(thiophen-2-yl)-2,5dihydropyrrolo[3,4-c]pyrrole-1,4-dione (DPP-Th). Th-Bpin
3-(5-bromothiophen-2-yl)-2,5-bis(2-ethylhexyl)-6-(5'-(2-ethylhexyl)-[2,2'-bithiophen]-5yl)-2,5-dihydropyrrolo[3,4-c]pyrrole-1,4-dione (Br-DPP-Th)
. DPP-Th (0.86 g, 1.20 mmol) and Nbromosuccinimide (0.22 g, 1.20 mmol) were dissolved in CHCl3 (60 mL), then the solution was protected from light and stirred at room temperature for 24 h. Water (30 mL) was added and the mixture was extracted with chloroform (30 mL × 2). The organic layer was washed with brine (50 mL × 2), and dried over magnesium sulfate. After the solvent was removed under reduced pressure, the crude product was purified by column chromatography on silica gel with petroleum ether/ethyl acetate from 80:1 to 20:1 (v/v) to afford a purple solid (0.68 g, 71% yield). 1 . Potassium carbonate (2.60 g, 18.8 mmol) and 18-crown-6 (~10mg) were added to a solution of 4 (1.66 g, 4.20 mmol) in dry DMF (60 mL), and the mixture was heated at 120 °C for 1 h. Then 2-Ethylhexyl bromide (3.25 g, 16.8 mmol) was injected in one portion and the mixture was stirred for another 24 h at the same temperature. The suspension was then filtered and the solvent removed under reduced pressure. The crude mixture was filtered and washed with methanol to give a copper-color solid, the solid was dried under vacuum and used for next step without further purification (0.86g, 33% yield). 1 
3-(5-bromoselenophen-2-yl)-2,5-bis(2-ethylhexyl)-6-(selenophen-2-yl)-2,5 dihydropyrrolo[3,4-c]pyrrole-1,4-dione (Br-Se-DPP)
. Se-DPP (0.74g, 1.20 mmol) and Nbromosuccinimide (0.22 g, 1.20 mmol) were dissolved in CHCl3 (60 mL), then the solution was protected from light and stirred at room temperature for 24 h. Water (30 mL) was added and the mixture was extracted with chloroform (60 mL × 2). Washed with water (60 mL × 2) and brine (30 mL × 2).The organic layer was separated and dried over magnesium sulfate. After the solvent was removed under reduced pressure, the crude product was purified by column chromatography on silica gel with petroleum ether/dichloromethane/ethyl acetate from 100/5/1 to 20:5/1 (v/v/v) to afford Br-Se-DPP as a red powder (0.57 g, 68% yield). 1 
2,5-bis(2-ethylhexyl)-3-(5-(5-(2-ethylhexyl)thiophen-2-yl)selenophen-2-yl)-6-(selenophen-2-yl)-2,5-dihydropyrrolo[3,4-c]pyrrole-1,4-dione (Se-DPP-Th)
. Th-Bpin (1.26 g, 3.90 mmol), compound Br-Se-DPP (0.91 g, 1.30 mmol) were dissolved in to (50 mL) toluene and 2 M aqueous K2CO3 solution (20 mL), ethanol (8 mL) were added. The mixture was purged with argon for 30 min. Then Pd (PPh3)4 (0.15 g, 0.13 mmol) were added. The mixture was stirred at 100 °C for 12h under argon. the mixture was extracted with chloroform (60 mL × 2), washed with water (60 mL × 2) and brine (30 mL × 2), the combined organic layers were dried with anhydrous MgSO4 and concentrated. Finally, the residue was purified with silica gel column by using ethyl acetate/petroleum ether (1/60) to afford compound Se-DPP-Th as a purple solid (866 mg, 82% yield). 1 
3-(5-bromoselenophen-2-yl)-2,5-bis(2-ethylhexyl)-6-(5-(5-(2-ethylhexyl)thiophen-2yl)selenophen-2-yl)-2,5-dihydropyrrolo[3,4-c]pyrrole-1,4-dione (Br-Se-DPP-Th). Se-DPP-Th
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(1.22 g, 1.50 mmol) and N-bromosuccinimide (0.27 g, 1.50 mmol) were dissolved in CHCl3 (60 mL), then the solution was protected from light and stirred at room temperature for 24 h. Water (30 mL) was added and the mixture was extracted with chloroform (30 mL × 2), washed with water (30 mL × 2) and brine (30 mL × 2), and dried over magnesium sulfate. After the solvent was removed under reduced pressure, the crude product was purified by column chromatography on silica gel with dichloromethane/ethyl acetate from 100:1 to 30:1 (v/v) to afford a purple powder (1.07 g, 80% yield). 1 Figure S10 . The hole mobilities and electron mobilities of 2a:PC61BM and 2c:PC61BM before and after SVA at the optimized device condition measured by SCLC method and the detailed parameters are summarized in Table S1 . Figure S11 . 1 H NMR spectrum for 2a. Figure S12 . 1 Figure S21 . 13 S18 Figure S22 . 13 Figure S25 . 13 S20 Figure S26 . 13 C NMR spectrum for Se-DPP-Th. 13 
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